We present the first results from our CGM at Cosmic Noon with KCWI program to study gas flows in the circumgalactic medium (CGM) at z = 2 − 3. Combining the power of a high-resolution VLT/UVES quasar spectrum, an HST/ACS image, and integral field spectroscopy with Keck/KCWI, we detected Ly α emission from a 3.7L * galaxy at z gal = 2.0711 associated with a Lyman limit system with weak Mg ii (W r (2796) = 0.24Å) in quasar field J143040+014939. The galaxy is best modeled as a star-forming (SFR FUV = 37.8 M yr −1 ) clumpy edge-on disk (i = 85 • ). The background quasar probes the galaxy at an impact parameter of D = 66 kpc along the projected galaxy minor axis (Φ = 89 • ). From photoionization modeling of the absorption system, which includes Ly α, Mg ii, Si ii, Siiii, Si iv, and C iv, we infer a total line-of-sight CGM metallicity of [Si/H] = −1.5 +0.4 −0.3 . The absorption system is roughly kinematically symmetric about the galaxy redshift, with a full Mg ii velocity spread of ∼ 210 km s −1 . Given the galaxy-quasar orientation, CGM metallicity, and gas kinematics, we interpret this gas as outflowing from the host galaxy. By modeling the absorption as a polar outflow cone, we find the gas is decelerating with radial velocity V out = 100 − 350 km s −1 for half opening angles of θ 0 = 20 • − 80 • . Assuming a constant V out , it would take ∼ 190 − 650 Myr for the gas to reach 66 kpc. The outflow is energetic, with a mass outflow rate ofṀ out = 45 − 51 M yr −1 and mass loading factor of η ∼ 1.3. We aim to build a sample of ∼ 50 Mgii absorber-galaxy pairs at this epoch to better understand gas flows when they are most actively building galaxies.
INTRODUCTION
One of the most challenging problems for deciphering how galaxies evolve is understanding how they obtain their gas and process it into stars. Simulations and simple models suggest that the baryon cycle, or the flow of gas onto, out of, and back onto galaxies, is the main regulator of star formation (e.g., Oppenheimer & Davé 2008; Lilly et al. 2013) . We further know that the cosmic star formation rate peaks at z = 2 − 3, also known as "Cosmic Noon," when galaxies assemble roughly half of their stellar mass (Madau & Dickinson 2014) . At this epoch, strong galactic outflows are regularly observed (e.g., Steidel et al. 2010; Rupke 2018) and simulations predict the rate of accretion is greatest (e.g., van de Voort et al. 2011) . As a result, Cosmic Noon is the ideal epoch for studying the baryon cycle. The ideal location for this study is the circumgalactic medium (CGM; Tumlinson et al. 2017) , which is generally defined as the bound gaseous halo around galaxies. Accreting gas from the intergalactic medium (IGM) to the interstellar medium (ISM) must first pass through the CGM, which is also where most outflowing gas is deposited.
The CGM is therefore the record-keeper of past gas flows and a reservoir for future star formation.
At low redshift, z 1, we now understand that the CGM is massive, containing a gas mass at least comparable to the gas mass within galaxies themselves Tumlinson et al. 2011; Werk et al. 2013) , and holds a substantial fraction of baryons (e.g., Peeples et al. 2014; Werk et al. 2014) . Quasar absorption line spectroscopy has shown that this multiphase gas is accreting/rotating (e.g., Kacprzak et al. 2010a Kacprzak et al. , 2019b Nielsen et al. 2015; Ho et al. 2017; Ho & Martin 2020; Zabl et al. 2019 ) and outflowing (e.g., Kacprzak et al. 2014 Kacprzak et al. , 2019b Muzahid et al. 2015; Nielsen et al. 2015; Schroetter et al. 2016 Schroetter et al. , 2019 Martin et al. 2019 ). These gas flows are likely confined to the projected major and minor axes of their host galaxies, respectively (Bordoloi et al. 2011; Bouché et al. 2012; Kacprzak et al. 2012 Kacprzak et al. , 2015 Lan et al. 2014; Lan & Mo 2018; Schroetter et al. 2019) , and there is evidence that their metallicities are bimodal (at least for partial Lyman limit systems and Lyman limit systems, pLLSs/LLSs, at 0.45 < z < 1.0; Lehner et al. 2013 Lehner et al. , 2019 Wotta et al. 2016 Wotta et al. , 2019 . One might then assume that there should be two clear populations of gas on the azimuthal angle-CGM metallicity plane. Recent work by Pointon et al. (2019) suggests that this simple model of metal-poor accretion along the projected major axis and metal-rich outflows along the projected minor axis is not clearly observed. Furthermore, comparing the CGM metallicity to the galaxy ISM metallicity does not seem to improve the situation, where the gas flow metallicities still have a wide range of values compared to the host galaxies regardless of the azimuthal angle (Péroux et al. 2016; Kacprzak et al. 2019a ). Since gas flows are likely diminishing in strength from Cosmic Noon towards present day, we might expect their signatures to be weaker and more well-mixed at low z, resulting in a lack of a metallicity difference for the observed gas flows (e.g., Hafen et al. 2017 Hafen et al. , 2019 . The next frontier for this sort of investigation is then high redshift.
Up until recently obtaining a large sample of absorber-galaxy pairs was a time-intensive activity. Now the newest powerful method for studying the CGM in detail is integral field spectroscopy. VLT/MUSE campaigns are quickly building large samples of absorbergalaxy pairs with a field-of-view of 1 , covering a wide redshift range below z < 1.5 and above z > 3. At low redshift, these campaigns find isolated galaxies hosting CGM absorption (e.g., Schroetter et al. 2019) , occasionally detect faint galaxies near CGM host galaxies that were previously thought to be isolated (e.g., Péroux et al. 2017; Rahmani et al. 2018) , easily obtain two di-mensional information about all galaxies in the fields for morphology and kinematic analyses (e.g., Schroetter et al. 2016 Schroetter et al. , 2019 Zabl et al. 2019) , and allow for multiple probes of the CGM hosted by a single galaxy using multiple background galaxies (e.g., Péroux et al. 2018) or even single background lensed galaxies (e.g., gravitational-arc tomography; Lopez et al. 2018) . At the moment, MUSE cannot reach the epoch at which galaxies are most actively building up their mass, z = 2 − 3, because it does not yet have the spectral coverage required.
The Keck Baryonic Structure Survey (KBSS; Rudie et al. 2012 ) is currently the largest survey of z = 2 − 3 CGM absorber-galaxy pairs, where they have obtained galaxy redshifts using multi-object spectroscopy on Keck/MOSFIRE. Turner et al. (2015) found an enhancement of metals within 180 kpc and ±240 km s −1 of the KBSS galaxies and this gas was inferred to be metalrich (> 0.1 solar) with large velocity spreads. These results suggested that outflows are common around z = 2 − 3 galaxies. However, when the authors later compared their observations to the EAGLE simulations, their previous interpretation was modified such that the observed gas was primarily infalling (Turner et al. 2017) . Most recently, Rudie et al. (2019) studied the multiphase CGM of eight galaxies, finding substantial metal reservoirs (> 25% of the ISM metal mass), complex kinematics, unbound gas, and high covering fractions (> 50%). These characteristics point to outflowing gas and a dynamic CGM, where both heating and cooling processes occur often. To better understand the source of the observed absorption, two key pieces of information that are important for enhancing our insights are absent from the KBSS: CGM metallicities and galaxy morphologies.
A few z = 2 − 3 absorber-galaxy pairs have galaxy morphologies and CGM metallicities. These include the damped Ly α (DLA) absorbers from Bouché et al. (2013) and Krogager et al. (2013) . Both DLAs are metal-rich for z = 2 − 3 systems (e.g., Lehner et al. 2016 ), but are located along the major and minor axes, respectively. Bouché et al. (2013) concluded that the major axis DLA was consistent with an accreting filament since the gas metallicity was significantly lower than the galaxy ISM metallicity and the kinematics pointed to a combination of accretion and rotating disk components. Krogager et al. (2013) concluded that the minor axis DLA probed outflowing gas based on its location about the galaxy and high metallicity, but did not model the kinematics. An important caveat to these results is that both absorber-galaxy pairs have very low impact parameters of 26 and 6 kpc, respectively, and are likely tracing some component of an extended galaxy disk itself.
Even without galaxy morphologies, CGM metallicities have proven useful for better constraining the gas flow origins at high redshift. Crighton et al. (2015) studied a z ∼ 2.5 pLLS, finding metal-enriched clouds with a large velocity width. The authors concluded that the gas was consistent with an outflowing wind if they assumed the host was an edge-on galaxy probed along the projected minor axis. More confidently confirming this scenario requires modeling the galaxy morphology and gas kinematics. Zahedy et al. (2019b) found several Ly α emitters at z ∼ 2.8 associated with strong Ly α absorption in a background quasar spectrum with metallicities as low as ∼ 0.01−0.001 solar, which is consistent with the level of enrichment in the IGM at this redshift. The authors suggested these low mass Lyα emitters were therefore embedded in an IGM accretion stream.
Building up a large sample of absorber-galaxy pairs at Cosmic Noon surrounding a variety of galaxies is important for studying these gas flows during a highly influential epoch in the Universe's history. Here we present the first results from our CGM at Cosmic Noon with KCWI program. This paper is organized as follows. Section 2 details the observations and analysis methods for the quasar spectra, HST images, and IFU spectroscopy. Section 3 presents the CGM of a host galaxy at z ∼ 2, characterizes the CGM metallicities and kinematics, and explores an outflowing wind as the origin of the observed gas. Section 4 places the results in the context of Cosmic Noon star formation-driven outflows. Finally, Section 5 summarizes and concludes our first study with KCWI at Cosmic Noon. Throughout the paper we report AB magnitudes, physical distances, and adopt a ΛCDM cosmology (H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7).
OBSERVATIONS AND METHODS
Our CGM at Cosmic Noon with KCWI program is designed to obtain ∼ 50 Mg ii absorber-galaxy pairs with the following considerations. We compiled a sample of quasar fields with known Mg ii absorption at 1.9 < z abs < 2.6, where each field has been imaged with HST (ACS, WFPC2, and/or WFC3) and highresolution quasar spectra are available from VLT/UVES and/or HIRES/Keck. The quasar spectra are sourced from KODIAQ DR1 (O'Meara et al. 2015) , SQUAD DR1 (Murphy et al. 2019 ), or Evans (2011 . The latter quasar sample includes many quasars that are listed in KODIAQ DR2 (O'Meara et al. 2017) . The absorbers were drawn from the Mathes et al. (2017) sample, where Mgii and C iv absorption were systematically and automatically searched using a matched-filter analysis sim-ilar to Zhu & Ménard (2013) and then later visually confirmed.
For each field in our program, multiple z ∼ 2 Mg ii and Civ absorbers have been identified at z abs < z qso − (1 + z qso )(3000 km s −1 /c) to avoid systems associated with the quasar. We have placed no restrictions on the measured equivalent width of the Mgii and C iv lines other than the requirement that they be detected at the 5σ level. Finally, we had no a priori knowledge of the host galaxy properties (i.e., galaxies were not yet identified). With this information in-hand, we have thus far observed 13 fields with the Keck Cosmic Web Imager (KCWI; Morrissey et al. 2018 ) on Keck II, corresponding to 20 Mg ii and 70 C iv absorbers, searching for Ly α emission from galaxies at Cosmic Noon. While this sample is initially Mgii absorption-selected, the IFU nature of KCWI allows us to identify all z ∼ 2 galaxies within the field of view of the instrument. We expect to identify at least as many Mgii non-absorbing galaxies as Mg ii absorbing galaxies. In particular, a majority of the 70 C iv absorbers we have covered in the sample do not have measurable Mg ii absorption.
Here we present the first result from our program: a Mgii absorber-galaxy pair at z = 2.071 in quasar field J143040+014939 (hereafter J1430+014).
Quasar Spectroscopy and Photoionization Modeling
Quasar J1430+014, z qso = 2.119 was observed with VLT/UVES for a total of 15077 s (PIDs 079.A-0656(A) and 081.A-0478(A)). The spectrum was reduced with the UVES pipeline (Dekker et al. 2000) and exposures were combined and continuum fit with uves popler (Murphy 2016; Murphy et al. 2019) . During this process, the wavelengths were vacuum and heliocentric velocity corrected. The spectrum covers multiple lines for the z abs = 2.0708 absorber such as Lyα, Mgii, and C iv, which are further described in Section 3.2.
With these data, the absorption system was characterized using the methods presented in Pointon et al. (2019) . In short, absorption profiles were modeled with vpfit (Carswell & Webb 2014) to obtain equivalent widths, column densities, and the kinematic structure. Upper limits on equivalent width and column density (3σ) were measured by assuming a single cloud with a Doppler parameter of b ∼ 8 km s −1 . As shown in Section 3.2, the upper limits on absorption are located on the linear or near-linear part of the curve-of-growth, thus the equivalent width limit is not sensitive to the choice of Doppler parameter. The absorption redshift, z abs , is defined as the optical depth-weighted median of absorption for Mg ii. The total measured column densities, measured by summing the column densities of the fitted Voigt profile (VP) components, were then compared to the predicted column densities generated by Cloudy (Ferland et al. 2013) to infer the total line-of-sight CGM metallicity. Cloudy generates column density predictions given Hi column densities (N H i ), hydrogen densities (n H ), and metallicities ([Si/H]) by modeling a uniform layer of gas that is irradiated by background UV radiation. Here we use the updated Haardt & Madau (2001) UV background (HM05 in Cloudy) for comparison to low redshift work. The more recent HM12 UV background (Haardt & Madau 2012 ) is a harder spectrum, resulting in higher metallicity estimates with a dependence on H i column density (Chen et al. 2017; Wotta et al. 2019; Zahedy et al. 2019a ). If we used HM12, we would measure artificially more metal-rich gas compared to the large samples of absorbers at low redshift. We assumed a single-phase model with no dust and with a solar abundance pattern (Crighton et al. 2013 (Crighton et al. , 2015 (Crighton et al. , 2016 . We then constructed a likelihood function using the measured column densities including upper limits and Cloudy grids. Priors on the column densities were applied and we used a Markov Chain Monte Carlo (MCMC) analysis following the Crighton et al. (2015) methods to generate posterior distributions for N H i , n H , and [Si/H]. Metallicities are reported as [Si/H] for com-parison to low redshift (Pointon et al. 2019; Kacprzak et al. 2019a ). Further details are presented in Section 3.3.
HST Imaging and Galaxy Morphologies
The field was imaged with HST using the F625W filter on the ACS for 700 s (PID: 10576) and the data were reduced using the DrizzlePac software (Gonzaga et al. 2012) . We used the Source Extractor software (SExtractor; Bertin & Arnouts 1996) to measure the galaxy photometry with a detection criterion of 1.5σ above the background. The resulting magnitude is quoted in the AB system. The HST image centered on J1430+014 is shown in the left panel of Figure 1 .
Galaxy morphological parameters and orientations are modeled from the HST image following the methods of Kacprzak et al. (2015) . In summary, point spread functions (PSFs) for ACS images depend on both time and position on the chip and the images also contain significant geometrical distortions. Thus PSFs generated using Tiny Tim (Krist et al. 2011) are appropriate for each galaxy in the field and are then used in the galaxy modeling. Galaxy morphological parameters were quantified by fitting a two-component disk+bulge model using GIM2D (Simard et al. 2002) . A disk component has an exponential profile while the bulge has a Sérsic profile with 0.2 ≤ n ≤ 4.0. In order to quantify the location of the line-of-sight through the CGM relative to the modeled galaxy's on-the-sky orientation, we adopt the standard convention that an azimuthal angle of Φ = 0 • is defined as the background quasar is located along the galaxy projected major axis, while Φ = 90 • is along the galaxy projected minor axis. Additionally, a faceon galaxy is defined as having an inclination of i = 0 • , while an edge-on galaxy has i = 90 • . Further details are discussed in Section 3.1.
KCWI Integral Field Spectroscopy
Keck/KCWI observations of the J1430+014 field were conducted on 2018 February 15 UT (PID: 2018A W185) with the medium image slicer and BL grating using a central wavelength of 4500Å and 2 × 2 binning. The medium slicer has a field of view (FOV) of 16. 5 × 20. 4, resulting in a spatial sampling of 0. 29 × 0. 69, corresponding to 2.4 × 5.8 kpc at z ∼ 2. The BL grating has a spectral resolution of R ≈ 1800 (∼ 0.625Å pix −1 ) and spans 3500 λ 5500Å for our central wavelength setting. Four exposures of 1300 s each (1.4 hrs total) were obtained on a single pointing with a position angle of 0 • . The KCWI footprint is shown as the white rectangle on the HST/ACS image in the left panel of Figure 1 . A single pointing was used in this field to maximize the amount of time spent on galaxies observable in the HST/ACS image. If a galaxy is not seen in the ACS image, then its morphology cannot be measured, especially since the KCWI spaxel sizes are on the order of z ∼ 2 galaxy sizes (half-light radii of ∼ 2.5 kpc; Allen et al. 2017) . We have tiled around the quasar in the rest of our fields to obtain a better census of host galaxies.
The data were reduced using the publicly available KCWI Data Reduction Pipeline 1 using default settings. Since separate sky fields were not obtained, we masked the quasar, continuum objects, and any bright emission lines for the automated sky subtraction step so that the sky estimate is not skewed. Importantly, if the quasar is not removed before this step, then its spectrum is oversubtracted from the datacube resulting in false emission lines at wavelengths corresponding to strong intervening absorption observed in the quasar spectrum. The data were also flux-calibrated with standard star g191b2b from the KCWI DRP starlist. Finally, wavelengths were vacuum and heliocentric velocity corrected for direct comparison to the UVES quasar spectrum and the four exposures were combined. The final datacube has a 3σ flux limit of 3 × 10 −19 erg s −1 cm −2Å−1 . The resulting KCWI whitelight image, where the wavelength axis has been collapsed, is shown in the right panel of Figure 1 . The quasar is the brightest object in the field and several continuum objects are observed corresponding to galaxies in the HST image. Figure 2 presents the quasar spectrum extracted from the KCWI datacube over 32 spaxels. The black and green lines represent the data and error spectrum, respectively. The error spectrum has been multiplied by 20 in order to better show the variation across the spectrum. The purple annotations indicate absorption features associated with the z abs = 2.0708 Mg ii and C iv absorbers found in the VLT/UVES spectrum. Additionally, Ly α absorption is clearly observed in the KCWI quasar spectrum, providing a reference for host galaxy Lyα emission features with similar resolution.
RESULTS
In this section, we present the first results of our CGM at Cosmic Noon with KCWI program for J1430 + 034, z abs = 2.0708. In this field, we search for and find the absorbing host galaxy, characterize the galaxy's photometric properties, measure the absorption properties, estimate the CGM metallicity, and model the observed gas as outflowing material.
Host Galaxy
To find the absorber host galaxy, we searched a narrow band of v = ±1000 km s −1 around the absorber redshift for Lyα emission. Figure 3 presents the results of this search, where the left panel shows the KCWI narrow band image. The quasar is the brightest source in the field and the host galaxy Lyα emission is located θ = 7. 9 southwest of the quasar. The bright knot of emission corresponds to the galaxy from the HST/ACS image shown in the top right panel. No obvious emission from other galaxies in the HST image is observed in this field out to D < 150 kpc.
The galaxy Ly α emission and CGM Lyα absorption from the quasar spectrum, both of which are 1D extracted spectra from the KCWI cube, are presented in the bottom right panels of Figure 3 (see Figure 4 for the full galaxy spectrum). The velocity zero point corresponds to the optical depth-weighted median of Mgii absorption in the UVES spectrum. We selected 12 spaxels around the galaxy for extraction, which roughly corresponds to the full width of the seeing (FWHM∼ 1 ), and these spaxels are indicated by the white box in the left panel of Figure 3 . Because Ly α emission is subject to resonant scattering and thus the profile depends on the amount and kinematics of gas the photons must pass through, the observed redshift is not necessarily the 
Si iv KCWI Quasar Spectrum J143040+014939, z qso = 2.119 z abs =2.070789 Figure 2 . KCWI quasar spectrum with the BL grating for J1430+014 summed over 32 spaxels. The data are plotted as the black histogram and the associated uncertainty (multiplied by 20) is plotted as the green line. Purple ticks and labels indicate the detected absorption features associated with the z abs = 2.0708 absorption system. Further ions such as Mg ii and Fe ii are covered in the higher resolution VLT/UVES spectrum and all ions used in the metallicity analysis are plotted in Figure 5 . 
Assuming fesc,LyC = 0.0 as a conservative lower limit.
If we assume fesc,LyC = 0.15, we measure SFRLyα = 15.8 M yr −1 . systemic galaxy redshift (e.g., Zheng & Miralda-Escudé 2002; Shapley et al. 2003; Rakic et al. 2011; Trainor et al. 2015) . Therefore, we use the Method 2 red peak relation described in Verhamme et al. (2018) , v red = 0.8 × FWHM(Lyα) − 34 km s −1 , to calculate the cor-rected galaxy redshift. We first obtain the observed Ly α emission wavelength by fitting a double Gaussian profile (purple line in the middle right panel of Figure 3 ) and finding the wavelength corresponding to the max flux of the line, λ obs = 3736.79Å. This wavelength is indicated in the panel by a vertical red dotted line. The full width at half maximum of this galaxy's Ly α emission line is then FWHM(Ly α) = 341 km s −1 , which results in a redshifted velocity offset of v red = 273 km s −1 from the actual systemic galaxy redshift. This velocity was then applied with: z gal = z Ly α − (v red /c)(λ obs /1215.67). With this correction, we find that the host galaxy is located at z gal = 2.0711 ± 0.0008 and this is plotted as the vertical blue dotted line in the middle right panel of Figure 3 .
Full host galaxy properties are tabulated in Table 1 . The galaxy is located at an impact parameter of D = 66 kpc from the quasar sightline, which is reasonable compared to low redshift Mgii samples. We converted the apparent magnitude, m F625W , to an absolute Bband magnitude with a k-correction that assumes an Sbc galaxy spectral energy distribution (e.g., Nielsen et al. 2013b ). The absolute magnitude is then M B = −23.5, corresponding to L B /L * B = 3.7 using the relation between M * and redshift from Gabasch et al. (2004) , which measures B-band luminosity functions over the range 0.5 < z < 5.0.
From an inspection of the HST image, it is clear that the galaxy has a clumpy morphology, with a bright region on both sides of a disk-like structure. Galaxies at z > 1 typically have clumpy morphologies due to large star-forming regions which are observed at restframe UV wavelengths and these irregular morpholo- The galaxy in the HST image, which is best modeled with an edge-on inclination (i = 85 •+5 −2 ). The quasar sightline is oriented along the projected minor axis of the galaxy (Φ = 89 •+1 −5 ). (middle right) The galaxy Ly α emission line in the KCWI datacube summed over 12 spaxels (white box in the left panel). A double Gaussian fit is plotted as the purple curve. The wavelength at which the line peaks in flux measured from the Gaussian fit is plotted as the vertical red densely-dotted line while the final adopted galaxy redshift, z gal , is plotted as the vertical blue loosely-dotted line. (bottom right) Ly α absorption in the KCWI quasar spectrum over 32 spaxels for reference. The velocity zero point corresponds to the z abs measured from Mg ii absorption in the VLT/UVES quasar spectrum (see Figure 5 ). gies are indistinguishable from mergers (e.g., Elmegreen et al. 2007 ). The galaxy matches the "double" or "chain" clump morphologies found in deep (∼100,000 s) HST/ACS rest-frame UV images in the Hubble Ultra Deep Field. Because of the short (700 s) exposure in our field, it is unclear if this galaxy is a chain or double galaxy. Elmegreen et al. (2007) suggested that doubles have a higher likelihood of being major mergers with two distinct galaxies, whereas chains are edge-on clumpy galaxies with no bulge. It is unclear which classification is correct for our galaxy. Major mergers can be better distinguished from a combination of both images and the kinematics (e.g., Rodriguez-Gomez et al. 2015) . However, we do not have galaxy kinematics due to the large size of the KCWI spaxels. We thus assume that the galaxy is a single object and further discuss this in Section 4.1. From the GIM2D modeling described in Section 2.2, we find that this object is best modeled as an edge-on galaxy with i = 85 • .
The modeling also indicates that the quasar sightline probes the projected minor axis of this galaxy with Φ = 89 • . Observations and simulations suggest that outflowing gas is primarily observed as bipolar cones aligned with the minor axis of galaxies (e.g., Veilleux et al. 2005; Bordoloi et al. 2011; Bouché et al. 2012; Kacprzak et al. 2012 Kacprzak et al. , 2014 Martin et al. 2012 Martin et al. , 2019 Rubin et al. 2010 Rubin et al. , 2014 Shen et al. 2013; Fox et al. 2015; Schroetter et al. 2016; Nelson et al. 2019) . Thus this galaxy presents an ideal case for studying outflows in the CGM at peak star formation activity. If the galaxy is instead a major merger, then we still might expect outflows to be ejected in the direction of the quasar sightline. This sort of morphology is seen in emission for the galaxy Makani, where the outflow emission is perpendicular to the central galaxy tidal tails (Rupke et al. 2019) .
We measure a star formation rate (SFR) using two methods. The first method uses the relation between Lyα luminosity and equivalent width presented in Sobral & Matthee (2019) , who showed that SFR Ly α can be measured from this relation over a wide redshift range (0 < z < 2.6) and is consistent with dust-corrected Hα SFRs. This method assumes a Salpeter IMF and a case B recombination ratio between Ly α and Hα. Figure 3 ). The bottom slice shows the bright continuum source which is physically offset from the Ly α emission by ∼ 1. 6 (see Figure 1 ). Thick white boxes indicate the spaxels used to create the corresponding spectra on the right, while the thin white boxes are plotted for comparison. The spaxels chosen are offset slightly to reduce the amount of cross-contamination in the spectra. (right) The thin black lines are the data summed over eight spaxels in the KCWI datacube and the shaded region is plotted for ease in identifying absorption features. Both spectra have been smoothed using a boxcar filter over eight spectral pixels (thick black line). The Lyman break galaxy template from Shapley et al. (2003) is plotted in purple, where the wavelengths are shifted according to z gal = 2.0711 and the flux is adjusted to roughly match the flux surrounding the Ly α emission line. Vertical dotted lines indicate strong ISM absorption and emission lines in the LBG template. The CGM host galaxy is well-fitted by a LBG template, whereas the continuum galaxy lacks the ISM absorption features required to classify as a z ∼ 2 LBG and the low continuum level at higher wavelengths indicates this is a lower redshift object. Thus the Ly α emission in the bottom panel is likely contamination from the CGM host galaxy.
We obtain SFR Ly α = 13.5 ± 1.3 M yr −1 by assuming f esc,LyC = 0.0, the escape fraction of Lyman continuum photons. The value used for f esc,LyC does affect the SFR, with larger escape fractions resulting in larger SFRs, but a value of 0.0 is typically assumed (Sobral & Matthee 2019 ), providing a conservative lower limit. If we use f esc,LyC = 0.15, then SFR Ly α = 15.8 ± 1.3 M yr −1 (for further discussion of the value for Lyα emitters, see Matthee et al. 2017; Verhamme et al. 2017 ).
The second method calculates an unobscured SFR using the far-UV (FUV) continuum. We used the method of Hao et al. (2011) , assuming a Kroupa IMF, solar metallicity, and 100 Myr age. We estimated the dust attenuation by measuring a NUV flux from the HST/ACS image and the FUV flux from the KCWI datacube. From this, we obtain SFR FUV = 37.8 M yr −1 . Because of the uncertainty in the escape fraction of LyC photons, we adopt this SFR for the galaxy. Furthermore, the galaxy disk is parallel to our line-of-sight where dust blocks much of the light, which likely means that both the Lyα and the FUV luminosities are underestimated even despite the dust correction. This is corroborated in the Simba simulations, where the average z ∼ 2 star-forming galaxy with an absolute B-band magnitude comparable to the J1430+014, z gal = 2.0711 galaxy has SFR∼ 85 M yr −1 . The SFR measured here is most likely a lower limit.
From further examination of the HST image (left panel of Figure 1 ), it appears possible that this galaxy is located in a group environment with three galaxies just ∼ 1. 8 southward, particularly the galaxy that is bright in the KCWI whitelight image. Figure 4 explores the full spectra of both the identified host galaxy (top panels) and the bright continuum galaxy (bottom panels). The spectra are summed over eight spaxels indicated by the white boxes on the KCWI image zoom-ins (left) and are smoothed using a boxcar filter over eight voxels (spectral pixels). The spaxels are chosen to select a majority of the light from each galaxy but still be separated from each other enough to reduce potential cross-contamination due to the seeing and large Ly α halos. If we assume that both galaxies are located at z gal = 2.0711 and both contribute to the observed Ly α emission, then we can overlay the template spectrum for a Lyman break galaxy (LBG) from Shapley et al. (2003) . This method for determining galaxy redshifts in low resolution data is often used for high-redshift objects (e.g., Cooke et al. 2005 Cooke et al. , 2006 . The CGM host galaxy (top) matches the LBG template spectrum continuum level. Strong ISM absorption features such as Oi, C ii, Si ii, Siiv, and Civ, and the Siii * ISM emission lines appear to be present, though the spectrum is noisy. These all indicate that the measured redshift is likely real. In contrast, the continuum galaxy (bottom) does not match the continuum level across the wavelength range, with the lower flux at higher wavelength indicating that this is likely a lower redshift object. Nor does the continuum galaxy have the ISM features present, particularly Civ absorption. This is true for all three galaxies south of the host galaxy in the HST image. We therefore conclude that the host galaxy has a large Ly α halo (either physically or due to the seeing) out to roughly 1. 8 and that it is likely isolated to the limits of our data. We assume the galaxy is isolated for the rest of our analysis.
Absorption System
From the VLT/UVES quasar spectrum, we identified several absorption lines associated with this host galaxy. The absorption system is plotted in Figure 5 , where the UVES data and uncertainties are plotted as the black and green lines, respectively. While the quasar spectrum covers Ly α, which is important for metallicity analyses, neither the UVES nor KCWI spectra cover the rest of the Lyman series lines. Typical CGM metal lines such as Mgii, C ii, Si ii, Si iii, Si iv, and Civ are detected and we further have coverage of, but no detected absorption for, Mg i, O i, Mn ii, N ii, Feii, and Nv. As stated in Section 2.1, we model all absorption using vpfit and describe our preferred fitting philosophy here.
We first fit the metal lines, where we took the approach of fitting the minimum number of VP components to obtain a reasonable chi-squared value (see e.g., Churchill et al. 2003; Evans 2011) . We assumed that doublets and multiplets for a given ion have the same kinematic structure (i.e., the Mgii λλ2796, 2803 doublet), but we did not require similar kinematic structure across ions (i.e., Mgii compared to Siii or Cii). The approach requiring similar kinematic structure across ions has been applied by the KBSS for understanding the thermal state of the z = 2 − 3 CGM (Rudie et al. 2019 ), but we focus instead on obtaining the most accurate total column density for each ion.
Due to the fact that Ly α is saturated and the rest of the Lyman series lines are not covered in the spectrum, we constrained the H i column density using a combination of two methods (also see Pointon et al. 2019) . We first fit a single VP component to Ly α and adopted this value as an upper limit. The lack of damping wings on the profile indicates that this absorber is not a DLA or sub-DLA and the best-fitting column density, log N H i = 18.18 cm −2 , indicates that this is most likely a LLS. We employed a second method where we applied the fit to Mg ii as a template and fixed the VP component redshifts. The absorption system was then assumed to be dominated by thermal broadening, such that the ratio between the Doppler b parameters of Ly α and Mgii for a given VP component is defined by the ratio between the atomic masses. This resulted in a value of log N H i = 16.37 cm −2 . The Hi column density is likely between the measurements with these two methods, but it is difficult to determine confidently due to the lack of additional Lyman series lines. To be conservative in our Hi column density range, we therefore adopted a lower limit of log N H i = 15.00 cm −2 .
The results of our VP fitting are shown in Figure 5 . The purple line demonstrates the VP model to the data, where individual VP components are plotted as gray curves and their velocity centroids are purple ticks. The plotted Lyα fit is derived from the single component fit described above. Where absorption was not formally detected, we plot a horizontal purple line with no VP components. The velocity zero point is z gal , which is redshifted from the optical depth-weighted median of absorption for the Mgii λ2796 line, z abs , by 27 km s −1 . This offset is on the order of the uncertainty in the redshift from the Verhamme et al. (2018) relation.
Equivalent widths and velocity bounds relative to z gal for each transition are tabulated in Table 2 . These values were measured from the VP models instead of the data due to unrelated absorption in the data for several transitions (i.e., Siii λ1190, λ1193, λ1260). Equivalent width upper limits are reported at the 3σ level and were calculated using the observed spectrum to account for noise. The boundaries on absorption are defined as the velocity at which the VP model recovers to within 1% of the continuum. It is interesting to note that the Mg ii equivalent width is consistent with the z < 1 W r (2796) − D anti-correlation and log-linear fit from Nielsen et al. (2013a,b) . A larger sample of z = 2 absorber-galaxy pairs will investigate whether the relation evolves with redshift as suggested by Chen (2012) .
The measured column densities for each ion are listed in Table 3 . The table lists two values for H i, which are the boundary values adopted from the fitting method
Velocity (km s −1 )
Normalized Flux Figure 5 . Absorption system at z abs = 2.070789 in the VLT/UVES spectrum of J143040+014939 covering the ions used in the metallicity analysis. The data for the ion transitions labeled above each panel are plotted as black histograms and the error spectra are the green histograms. The velocity zero point is z gal = 2.0711. Voigt profile fits are plotted as purple lines while the purple ticks and gray lines indicate the individual Voigt profile components. Transitions in which only an upper limit on absorption could be measured have a purple horizontal line plotted through the data with no associated tick marks. With the exception of Ly α, the strongest absorption is found in higher ions such as Si iii, Si iv, and C iv. The kinematic structure of the metal lines is reminiscent of the structure found in the Milky Way Fermi bubbles (Fox et al. 2015; Bordoloi et al. 2017) , where there is strong absorption near the systemic galaxy velocity and several higher velocity components that are roughly symmetrically redshifted and blueshifted. Recall that the host galaxy is assumed to be an edge-on galaxy probed along its minor axis, which is similar to the Milky Way and Fermi bubble geometry. Alternatively, the host galaxy could instead be a major merger, with the major axis of the merger aligned perpendicular to the quasar sightline, in which we could still expect to observe outflows. Rupke et al. (e.g., 2019) found bipolar outflow bubbles with an hourglass shape in a merger system that is consistent with the structure of the Milky Way Fermi Bubbles. Despite the large impact parame- 
a Velocity boundaries on absorption, defined as the velocity at which the VP model recovers to within 1% of the continuum. The values are relative to z gal = 2.0711. To compare to z abs , which is defined as the optical depth-weighted median of the Mg ii λ2796 line, the conversion is v abs = v (+/−) + 27 km s −1 .
ter, it is reasonable to assume that the quasar sightline is probing an outflowing cone of gas, with physical edges defined by the velocity edges of the absorption (see Table 2 ). We further explore the observed kinematics with an outflow model in Section 3.5.
CGM Metallicity
In order to infer a total line-of-sight CGM metallicity for this absorber, we compared the observed column densities listed in Table 3 to the predicted column densities generated by Cloudy using an MCMC analysis (for further details, see Section 2.1 and Pointon et al. 2019; Crighton et al. 2013 Crighton et al. , 2015 Crighton et al. , 2016 . The input Cloudy grids have the following ranges: −5.0 < log n H < −1.0 cm −3 , 13.0 < log N H i < 20.0 cm −2 , and −4.0 < [Si/H] < 1.5. For the MCMC analysis, we assume all priors are flat and the bounds on log N H i were applied as bounds on a flat prior. Column density upper limits are treated as one-sided Gaussians. Finally, we assume a single-phase model in which column density measurements and upper limits for all ions listed in Table 3 were used. We explore how removing the highest ionization lines affects the inferred metallicity of the low ionization gas below. Figure 6 presents the posterior distributions from the MCMC modeling for metallicity, [Si/H], ionization parameter, log U , hydrogen density, log n H , and H i column density, log N H i . For the analysis, 100 walkers were initialized with a burn-in stage of 200 steps and then were run for another 200 steps to determine the final distributions. Histograms show the distributions for each quantity, where the vertical lines indicate the maximum likelihood value with 68% confidence interval uncertainties. The final adopted values for metallicity, ionization parameter, hydrogen density, H i column density, and total hydrogen column density are listed in A comparison between the measured column densities and ten random MCMC sample predictions is plotted in Figure 7 . Black points represent the column densities from Table 3 , where the uncertainties on the points are mostly smaller than the points themselves. The large uncertainty on the Si iii line is due to saturation at v = 0 km s −1 . The purple lines indicate the ten MCMC samples, which reasonably predict most column densities. However, the models do not accurately predict Civ, which is likely due to the fact that the ion traces intermediate ionization gas. Civ often displays kinematics that are consistent with both the low ions (e.g., Mg ii and Si ii) and the high ions (e.g., Ovi). While we do not have coverage of Ovi for this absorption system here to further examine this, the intermediate ionization kinematic behavior is discussed in, e.g., Rudie et al. (2019) .
Another potential reason for the discrepancy between the measured Civ column density and the model values is that we include N v in the analysis, which is a higher ionization transition. In this case, our assumption of a single phase may break down. To investigate the dependence of metallicity on the inclusion of the higher ions, we conduct a test removing Nv, C iv, and Siiv from the MCMC analysis one-by-one. The results of these tests are listed in Table 4 for comparison. Overall Figure 7 . Comparison between the observed column densities (black points) and the predicted Cloudy column densities for ten random MCMC samples (purple).
the resulting metallicities are all consistent within uncertainties, even between the "all ions" and "no Nv" runs, which represent the extremes in metallicity. We examined the comparison between the observed column densities and predicted Cloudy column densities (i.e., Figure 7 ) for the "no Nv" run and found that the models more accurately predict the C iv column densities, but the comparison for the rest of the ions does not differ appreciably. For the "no N v, C iv" and "no N v, C iv, Si iv" runs, the random models continue to trace the observed (included) ions similarly to those plotted in Figure 7 , but the variation in the models increases. This latter comparison suggests that Civ and Si iv provide important constraints on the metallicity estimate or, more likely, the higher ionization phase is higher metallicity as is the case in the z = 0.4 absorber-galaxy pair studied by Muzahid et al. (2015) . We cannot investigate this further since it requires partitioning Hi between phases, which is difficult with only the saturated Lyα line. Given the results of these tests, we adopt the metallicity inferred from the "all ions" run for the remainder of our analysis, but caution that the true value of the low ionization gas could be 0.3 dex more metalpoor.
Metallicity-Azimuthal Angle Relation
At low redshift, z < 0.7, Pointon et al. (2019) found that the total CGM metallicity along the line-of-sight does not depend on the orientation at which the quasar probes isolated galaxies within 200 kpc. The authors suggested that the lack of a dependence may partially be due to studying the CGM during a time at which gas flows are diminishing in strength. Here we place the J1430 + 014, z = 2.071 absorber-galaxy pair in the context of both this low redshift survey and z = 2 − 3 metallicity distributions. Figure 8 presents the available data sets, which will later be used with our full program Figure 8 . CGM metallicity, [X/H], as a function of azimuthal angle, Φ. Galaxies probed along their projected major axis have Φ = 0 • , while galaxies probed along their projected minor axis have Φ = 90 • . The J1430+014, z = 2.071 minor axis absorber (this work) is plotted as the purple star, while the z ∼ 2.3 DLAs from Bouché et al. (2013) and Krogager et al. (2013) are plotted as the blue diamonds. The cyan histogram shows the distribution of pLLS/LLS at z = 2 − 3 from Crighton et al. (2013 Crighton et al. ( , 2015 and Lehner et al. (2014 Lehner et al. ( , 2016 . Also plotted for comparison are gray points, which represent CGM metallicities for isolated galaxies at z < 0.7 from Pointon et al. (2019) to understand if gas flows are more distinct on this plane when galaxies are most actively building up their stellar mass. The Pointon et al. (2019) Since the absorber we study here is a pLLS or a LLS (see Table 3 for the adopted log N H i range), we plot a cyan histogram of the z = 2 − 3 pLLS/LLS sample from Crighton et al. (2013 Crighton et al. ( , 2015 and Lehner et al. (2014 Lehner et al. ( , 2016 on the y-axis for comparison. 2 In most cases, host galaxies have not yet been identified for that sample and where they have been identified, there is no published morphology information. Also plotted are two z ∼ 2.3 DLAs (blue diamonds) with measured azimuthal angle information (Bouché et al. 2013; Krogager et al. 2013) . The J1430+014, z = 2.071 absorber studied here is plotted as the purple star. The figure is currently sparsely populated by z = 2 − 3 absorber-galaxy pairs, but we aim to expand the sample with our KCWI program. Recall that the KBSS (Rudie et al. 2012 ) also examines the CGM over this redshift range, but does not currently provide the CGM metallicities nor azimuthal angles.
The J1430+014, z = 2.071 absorber is consistent with the range of metallicities found at low redshift, z < 0.7, although it is on the lower end of the range. This is expected since the metallicity of pLLSs/LLSs evolves from lower metallicities at z = 2 − 3 to higher metallicities at z < 1 ). Compared to the z = 2 − 3 pLLSs/LLSs, the J1430+014 absorber is slightly more metal-rich than the peak in the distribution at [X/H] ∼ −2. Thus a metal-enriched outflow is a plausible source of the observed gas in this sightline. We expand on this further in Section 3.5, where we model the gas as an outflowing cone.
Thus far there are only three z = 2 − 3 sightlines where both CGM metallicities and galaxy morphologies have been measured. Compared to the minor axis DLA at D = 6 kpc from Krogager et al. (2013) and the major axis DLA at D = 26 kpc from Bouché et al. (2013) , our absorber-galaxy pair is more metal-poor. However, DLAs are known to be more metal-rich than pLLSs/LLSs since the background quasar is thought to probe the disks or near the disks of the host galaxies, so this result is not unexpected (e.g., Lehner et al. 2016) . From these three points, it is unclear if the separation between metal-poor, major axis gas and metalrich, minor axis gas will be clear at z = 2 − 3. In order to best examine this, we need a large sample of absorber-galaxy pairs with similar H i column density ranges (i.e., pLLSs/LLSs). We plan to further explore the CGM metallicity-galaxy relation with a larger sample of z = 2 − 3 absorber-galaxy pairs in the future.
Outflow Modeling
The kinematics and metallicity of the observed gas and its location relative to the host galaxy suggest the gas is plausibly enriched outflowing material. If we then assume outflowing material, we can use the combination of Mgii kinematics and galaxy geometry in the conical model detailed by Gauthier & Chen (2012) to constrain the outflow velocity and opening angle. 3 Figure 1 in their paper best illustrates the model, which we briefly describe here. The outflow is defined as an outwardly expanding polar cone emanating from the galaxy center with a full angular span of 2θ 0 . The quasar sightline enters the outflowing cone at a height above the galaxy disk z 1 and exits at z 2 , both of which depend on the galaxy geometry and outflow opening angle, where we require that z 1 < z 2 . The galaxy has an inclination, i, and azimuthal angle, Φ, which is the angle between the projected galaxy disk and the background quasar sightline. The quasar is located at an impact parameter, D, from the galaxy. All galaxy properties are defined in Table 1 for the absorber-galaxy pair studied here.
The relation between the half opening angle, θ 0 , and z [1, 2] , which is the outflow disk (i.e., a slice through the outflow cone parallel to the galaxy) at heights z 1 and z 2 , is z [1, 2] tan θ 0 = D 1 + sin 2 φ [1, 2] tan 2 i cos Φ cos φ [1, 2] .
(1)
3 While the Gauthier & Chen (2012) model can explain the observed velocity space in the absorption profiles, it does result in velocity gradients that are too large compared to momentumdriven outflow models (e.g., supernovae feedback). However, this simple model results in outflow characteristics that are comparable to the simple outflow models of Bouché et al. (2012) , Martin et al. (2019) , and Schroetter et al. (2016 , so we use the model here for comparison to other work.
The position angle between the quasar sightline and the outflow disks projected on the sky, φ [1, 2] , is defined by
(2)
Using Equations 1 and 2 we can then calculate the angle, θ, along the quasar sightline for a height z, where z 1 ≤ z ≤ z 2 . Finally, the outflow speed, V out , of a gas cloud moving outward from the galaxy at height z is related to the line-of-sight velocity, v los , and θ with
and θ ≤ θ 0 . V out is the radial outflow speed from the galaxy, which varies with z-height above the galaxy, and depends on the line-of-sight velocity and the half opening angle of the outflow cone for a given z-height. This value is not necessarily constant. From all of this, the input values for the model include absorption velocity bounds v los,1 and v los,2 , galaxy properties D, i, and Φ, and the range of possible zheights from 0 kpc to 1000 kpc. The model assumes that the Mgii-absorbing gas fills the outflow cone such that the velocity bounds on absorption represent the physical bounds on the cone. These bounds are v los,1 = 56 km s −1 and v los,2 = −151 km s −1 and were determined by identifying the velocities relative to z gal at which the absorption profile recovers to within 1% of the continuum (see Table 2 and Section 3.2). The lineof-sight velocities are assumed to increase smoothly as the quasar sightline passes through the outflow cone towards larger z-heights, which implies that the outflow cone is pointed towards the observer rather than away. Figure 9 presents the allowed z-heights, half opening angles, and outflow velocities for the J1430+014, z = 2.071 absorber-galaxy pair, assuming the host galaxy is a single object with an edge-on inclination. The purple dashed line represents the location at which the quasar sightline enters the outflowing cone, while the solid cyan line is the exit location. The model requires that z 1 < z 2 , which is true in the upper panel for all half opening angles. From the lower panel, the outflow velocity decreases from z 1 to z 2 for all half opening angles, indicating that the gas is decelerating as it outflows. With these curves, we can then constrain the allowed half opening angle, θ 0 , and therefore the outflow velocity, V out . Considering only the absorbergalaxy geometry, the minimum half opening angle allowed depends on the azimuthal angle between the projected galaxy disk and the quasar sightline, Φ = 89 • . In order for the sightline to pass through Mgii-absorbing gas, the half opening angle must be at least the differ- ence θ 0 = 90 • − Φ = 1 • (recall that Φ = 90 • is defined as the projected galaxy minor axis, which defines θ 0 = 0 • for an edge-on galaxy). Because the Mg ii absorption spans the galaxy systemic velocity, i.e., the gas is both redshifted and blueshifted, we cannot constrain the maximum opening angle allowed based on geometry alone. Further considering the distributions of the model parameters in Figure 9 , we find that the z-heights asymptote beyond θ 0 = 80 • , marked by the vertical dashed line in the upper panel. At these large θ 0 values, the quasar sightline does not exit the cone beyond θ 0 80 • because the opening angle is large enough for the edge of the cone to be parallel to the quasar sightline. Similarly, the lower panel shows that the outflow velocities asymptote to large values below θ 0 = 20 • , also marked by a vertical dashed line. These scenarios are unrealistic since outflows are generally found to be collimated with velocities on the order of a few hundred km s −1 (e.g., Bordoloi et al. 2011 Bordoloi et al. , 2014b Bouché et al. 2012; Kacprzak et al. 2014; Lan et al. 2014; Rubin et al. 2014; Schroetter et al. 2016 Schroetter et al. , 2019 . 4 Thus the allowed values from the model are 20 • ≤ θ 0 ≤ 80 • and are further indicated as the thick curves in Figure 9 . The average outflow velocities corresponding to these opening angles are V out ∼ 350 km s −1 for θ 0 = 20 • down to V out ∼ 100 km s −1 for θ 0 = 80 • .
Outflow Timescales, Mass Outflow Rates, & Mass Loading Factors
Having now modeled the outflow velocities and half opening angles, we can characterize the impact of the outflows on the CGM. Although the models suggest the gas is decelerating, we assume a constant outflow velocity and estimate the time it takes for the observed gas to reach D = 66 kpc from the galaxy. The values are tabulated in Table 5 for two different outflow constraints. At the lower bound for the half opening angle, the outflow velocity is estimated to be V out = 350 km s −1 , which results in an outflow timescale of t out ∼ 190 Myr or an ejection redshift of z eject ∼ 2.21. The maximum outflow timescale comes from the upper bound on the half opening angle, where V out = 100 km s −1 , t out ∼ 650 Myr, and z eject ∼ 2.60. These timescales decrease if the gas is instead assumed to be decelerating as it moves outwards from the galaxy. Regardless, these timescales are large enough for the SFR to change from a starburst to a more quiescent value measured at z = 2.071 (on the order of 1 − 10 Myr, e.g., Thornley et al. 2000) .
Despite the large range of allowed half opening angles and outflow velocities of the potential outflowing gas, we can also estimate mass outflow rates and mass loading factors to understand how much material the galaxy is being ejected into the CGM. From Bouché et al. (2012) and Schroetter et al. (2016 Schroetter et al. ( , 2019 , the mass outflow rate is roughlẏ
where µ is the mean atomic weight of 1.4. We estimated the total hydrogen column density, N H , from the photoionization modeling in Section 3.3 for the "all ions" run, with log N H = 20.5 cm −2 . Then the mass loading factor is η =Ṁ out SFR .
(5) a The mean Vout between the z [1, 2] curves at the given θ0. b Timescale to D = 66 kpc given a constant Vout.
c Note that our SFR estimate is likely a lower limit, so the values reported in this column are considered upper limits. Table 5 details the mass outflow rates and mass loading factors for the various opening angle and outflow velocity constraints. The mass outflow rate ranges from 45 ≤Ṁ out ≤ 51 M yr −1 , corresponding to mass loading factors of η ∼ 1.2 − 1.3. These mass loading factors are likely upper limits given the galaxy's assumed edgeon inclination.
These mass outflow rates are roughly an order of magnitude larger than most values reported by the MEGAFLOW survey at z ∼ 1 (Schroetter et al. 2016 . While this may be due to more energetic outflows at z ∼ 2 (see discussion in the next section), the measurement uncertainties are also important. In addition to the degeneracies in modeling the outflow half opening angles and velocities, there is a large uncertainty involved in measuring the total hydrogen column density. MEGAFLOW convert their Mgii equivalent widths to N H i using the Ménard & Chelouche (2009) relation and assume that the ionized gas contribution is negligible, such that N H i ≈ N H . Our N H is inferred from the photoionization modeling and accounts for the possibility that hydrogen is also associated with gas that is higher ionization than Mgii, such as C iv which is measured for our absorber. Compared to MEGAFLOW, our Mg ii absorber has a smaller equivalent width, but our total hydrogen column density is larger than most objects in their sample. This suggests that mass flow rates determined from statistical relations with large intrinsic scatter should be viewed with caution.
DISCUSSION
As detailed in the previous sections, the combination of relatively metal-enriched multiphase absorbing gas observed along the minor axis of an assumed edge-on galaxy strongly suggests an outflow origin despite the large impact parameter. This is not unexpected since even at low redshift, z < 1, outflows appear to influence the CGM out to at least 50 kpc (Bordoloi et al. 2011) and potentially further (100 kpc; Lan & Mo 2018; Schroetter et al. 2019) . Outflows at z = 2 are more energetic with higher velocities and mass loading factors (e.g., Sugahara et al. 2017) . It could be expected that the material ejected from these outflows could reach larger galactocentric distances than measured at low redshifts, although the outflows would be competing with increased accretion rates as well. There is already potential evidence of outflowing material reaching out to 180 kpc at z = 2 (Turner et al. 2015) . These large impact parameters also result in long timescales and sufficiently early ejection redshifts for the SFR measured to be a lower limit.
Galaxy Morphology
Our determination that the observed CGM gas has an outflow origin relies partially on the galaxy morphology, which can be difficult to quantify at z = 2 due to the clumpy nature of galaxies at this epoch (e.g., Guo et al. 2015, and references therein) . In a shallow HST/ACS image, we find two bright clumps with fainter material distributed in a rough plane perpendicular to the quasar sightline. This morphology is similar to both the "double" and "chain" galaxy morphologies studied in the Hubble Space Telescope Ultra Deep Field (e.g., Elmegreen et al. 2007) . Galaxies with two clumps are common at this epoch (e.g., Shibuya et al. 2016) and are more likely to be major mergers than other clumpy morphologies. However, this does not confirm that our galaxy is a merger. It is difficult to determine if two-clump morphologies are mergers or disk galaxies from morphological or kinematic classification alone (Shapiro et al. 2008; Hung et al. 2015) . To best determine whether our galaxy is a merger or not, we would require both morphology and kinematics (Rodriguez-Gomez et al. 2015) . We do not currently have kinematics for this galaxy to better classify this object since the spaxels on the medium slicer for KCWI have sizes on the order of the size of z ∼ 2 galaxies.
If this object is a merger, then we might reasonably assume that the star formation rate should be elevated relative to the star formation main sequence at this redshift. The unobscured SFR for this galaxy, SFR FUV = 37.8 M yr −1 , is roughly on the main sequence for z ∼ 2 galaxies with stellar masses of log(M * /M ) ∼ 10 (e.g., Daddi et al. 2007; Speagle et al. 2014) , so a merger seems less likely. Pearson et al. (2019) suggests that a merger does not necessarily result in highly elevated star formation rates, although the merger fraction increases the further a galaxy is away from the star formation main sequence. We disfavor the merger scenario here, but cannot fully exclude it. Regardless of whether the J1430+014, z gal = 2.0711 object is a merger or not, we might still observe outflowing material along the quasar sightline. Rupke et al. (2019) studied a galactic wind in emission from a galaxy merger that is highly starforming (SFR∼ 100 − 200 M yr −1 ). The bipolar outflow bubbles are oriented perpendicular to the major axis of the galaxy's stellar component and most prominent tidal tail. This is similar to the orientation in our system here, where outflows escape galaxies through the path of least resistance, or the minor axis of the system. For the rest of the discussion, we assume the galaxy is a single object with an edge-on inclination but caution that a merger cannot be fully ruled out.
Outflow Kinematics and Metallicities
The kinematics of the metal lines, where absorption is detected, all have similar velocity distributions and are all reminiscent of the profiles found in the Milky Way Fermi bubbles. That is, the gas is roughly centered on the galaxy systemic redshift, z gal , for this edge-on galaxy and this is where the bulk of the absorption lies. There are additional roughly symmetric higher velocity components out to v ± 50 − 150 km s −1 for the lower ionization lines. Furthermore, the full velocity width of Mg ii, ∆v ∼ 210 km s −1 , is consistent with the large velocity separation tail in the pixel-velocity two-point correlation function of the bluer (more highly star-forming) galaxies probed along their projected minor axes in Nielsen et al. (2015) . The authors concluded these long tails were consistent with biconical outflows with large velocity dispersions. All of these corroborating inferences imply that the observed gas fills an outflowing cone, where absorption velocity bounds define the physical bounds on the cone. This commonly invoked scenario results in reasonable outflow velocities (100 < V out < 350 km s −1 ) at half opening angles (20 • < θ 0 < 80 • ) that are comparable with the lower redshift quasar absorption line technique (e.g., Gauthier & Chen 2012; Bordoloi et al. 2014a; Kacprzak et al. 2014; Schroetter et al. 2016 Schroetter et al. , 2019 Martin et al. 2019) , down-the-barrel observations (e.g., Weiner et al. 2009; Coil et al. 2011; Martin et al. 2012; Rubin et al. 2010 Rubin et al. , 2014 , and azimuthal angle distributions (e.g., Bouché et al. 2012; Kacprzak et al. 2012 Kacprzak et al. , 2015 Lan et al. 2014) .
These outflow characteristics are also consistent with the recent Illustris-TNG50 simulations, where Nelson et al. (2019) examined supernovae-and black holedriven outflows at z > 1. They found that T ∼ 10 4.5 K gas (i.e., Mg ii) is confined to maximum outflow velocities of V out < 500 km s −1 , consistent with values we measure here. Collimation of the outflows was observed by z = 1, where the gas was located along the galaxy minor axis with half opening angles of θ o = 40 • − 50 • , although the authors suggested collimation may not be strongly present at z = 2 (also see Steidel et al. 2010; Law et al. 2012) . It is difficult to test this scenario with the single absorber-galaxy pair studied here, especially since the modeled galaxy morphology parameters provide little constraint on the opening angles, i.e., the galaxy is assumed to be nearly perfectly edge-on (i = 85 • ) and probed along the minor axis (Φ = 89 • ). A wider variety of galaxy morphologies will better constrain the typical z = 2 outflow properties.
The timescales and ejection redshifts for the outflowing gas to reach the observed impact parameter of D = 66 kpc, t out = 190 − 650 Myr and z eject = 2.21 − 2.60, are consistent with the timescales required for outflowing gas to recycle back onto galaxies (e.g., Oppenheimer et al. 2010; Anglés-Alcázar et al. 2017 ; although see Keller et al. 2019) . They are also about 1 − 2 orders of magnitude larger than the lifetime of a starburst (e.g., Thornley et al. 2000) . Given that the gas we observed is cool, photoionized material (at least for ions such as Mgii, with T ∼ 10 4.5 K), it may be surprising that the gas has not yet been destroyed. Furthermore, Crighton et al. (2015) found that these clouds tend to be small, on the order of a few hundred parsecs (and even as small as ∼ 10 pc; Rigby et al. 2002) , sometimes characterized as circumgalactic "mist" or "fog" in simulations (e.g., Liang & Remming 2020; McCourt et al. 2018) , and so may be susceptible to being destroyed in an outflowing environment. Either the gas is being reformed as cool material condensing out of a hot halo (e.g., Simcoe et al. 2006; Fraternali et al. 2013) , or the clouds are embedded in progressively hotter phases (e.g., Stern et al. 2016) . We support this latter scenario since we find multiphase gas with similar, but increasingly broader kinematics as the ionization state increases. This is particularly noticeable with the Si transitions: Siii, Si iii, and Siiv.
The final parameters obtained from the outflow modeling, mass outflow rates and mass loading factors, also present an interesting picture of the outflowing gas from this galaxy. These values range from 45 ≤Ṁ out ≤ 51 M yr −1 and η ∼ 1.2 − 1.3, implying an energetic and efficient outflow. In the Simba simulations (Davé et al. 2019 ), a typical star-forming galaxy similar to the galaxy we present here has a mass outflow rate ofṀ out ∼ 70 M yr −1 and η ∼ 0.8, given a SFR∼ 85 M yr −1 . Our mass outflow rate and mass loading factor are comparable to the simulated galaxies.
Compared to most measurements from the z ∼ 1 quasar absorption line sample MEGAFLOW (Schroet-ter et al. 2016 (Schroet-ter et al. , 2019 , who study stronger Mg ii absorbers with W r (2796) ≥ 0.5Å, our mass outflow rates are roughly an order of magnitude larger. This is likely due to the combination of less energetic/efficient outflows on average towards lower redshifts and the large uncertainties involved in measuring the total hydrogen column density. The few systems in their sample with comparable outflow rates to ours are also mostly located at D > 50 kpc. The values we measure are also larger than the Crighton et al. (2015) z ∼ 2.5 outflow (Ṁ out = 5 M yr −1 ) at D = 50 kpc, although the authors do not have galaxy morphologies in order to more accurately model the gas flows. A more comparable absorber-galaxy pair is the metal-rich outflow at z ∼ 0.4, D = 163 kpc from Muzahid et al. (2015) , which has an ultra-strong O vi absorption profile witḣ M out ∼ 54 M yr −1 . Most of these results are for absorbers located at fairly large impact parameter, which likely introduces additional uncertainty into the measurement since the gas could be destroyed as it moves out from the galaxy and the outflow velocities are likely not constant. Regardless, obtaining more z = 2−3 measurements will better constrain the outflow properties to compare to the large number of z 1 systems.
The inferred CGM metallicity along the line-of-sight for the J1430+014 absorber, [Si/H] = −1.5, is in the more metal-rich half of the pLLS/LLS distribution at z = 2 − 3 ). This alone might favor the interpretation that the gas is likely tracing an outflow with the properties discussed in the previous paragraphs. However, observations have not yet convincingly demonstrated that metallicity is a good discriminator between accreting and outflowing gas for a large sample of galaxies, largely because the CGM is messy, with the various baryon cycle processes mixing at all radii (at least for z < 1; Péroux et al. 2017; Pointon et al. 2019; Kacprzak et al. 2019a ). In fact, simulations often show that quasar sightlines pass through multiple structures along the line-of-sight Kacprzak et al. 2019b; Peeples et al. 2019 ), making total CGM metallicities an insensitive probe of gas flows. With particle tracking, Hafen et al. (2019) examined the metallicities of accreting and outflowing gas at z = 0.25 and z = 2 in the FIRE simulations and found that the median metallicity of outflowing gas is typically ∼ 1 dex larger than IGM accretion. The authors suggested that the CGM becomes more well-mixed towards lower redshift, further complicating the values measured observationally (also see Hafen et al. 2017) . These results all suggest that while metallicity is a useful diagnostic for ruling out some scenarios of gas flow origins, especially at higher redshift where CGM mixing appears to be less efficient, a variety of properties such as kinematics and galaxy morphologies must also be considered for a more accurate picture, which we have done here. This approach has thus far only been done a few times at Cosmic Noon.
Other Gas Flow Interpretations
Despite the abundance of corroborating inferences that the gas we studied here is outflowing material, other mechanisms that could give rise to the observed absorption include IGM accretion (e.g., Birnboim & Dekel 2003; Kereš et al. 2005) , an intragroup medium (e.g., Whiting et al. 2006; Kacprzak et al. 2010b; Bielby et al. 2017; Péroux et al. 2017; Pointon et al. 2017; Nielsen et al. 2018; Chen et al. 2019) , and intergalactic transfer (e.g., Anglés-Alcázar et al. 2017 ). We rule out IGM accretion for several different reasons. First, IGM accretion is expected to have a low metallicity (van de Voort & Schaye 2012; Hafen et al. 2019 ) but the gas we observe is relatively metal-enriched compared to the distribution of z = 2 − 3 LLSs. Second, accreting IGM filaments are expected to add angular momentum to the host galaxy (Danovich et al. 2012 (Danovich et al. , 2015 , which implies that the gas must align with the star forming disk and be offset in velocity towards one side (Stewart et al. 2011 (Stewart et al. , 2013 (Stewart et al. , 2017 . Recall that the gas studied here is located along the minor axis of its host galaxy, where an accreting filament of gas is unlikely to be directly perpendicular to the disk even at the somewhat large impact parameter (D = 66 kpc). Also, the gas spans both sides of the systemic galaxy velocity, in contradiction to predictions and major axis observations (Kacprzak et al. 2011; Ho et al. 2017) . Third, accreting filaments are expected to have small cross-sections, at least at low redshift, and have yet to be directly observed. While it is possible that accretion has larger cross-sections at Cosmic Noon when the process is most active, the combination with the other two points makes it unlikely that we have observed accreting material in the first galaxy studied for our survey without specifically searching for its signatures.
It is possible that this absorber is located in a group environment given the proximity of three additional galaxies in projection on the sky in the HST image. However, we detect no obvious Lyα emission, or any other lines consistent with a z = 2 LBG, from these three galaxies. The Ly α emission in the continuum galaxy spectrum (bottom panels of Figure 4 ) appears to be contamination from the host galaxy. This could be due to the seeing (FWHM∼ 1 ) and/or Ly α emission in the CGM of this galaxy. At z > 3 Leclercq et al. (2017) studied the Ly α emission profiles around star-forming galaxies with VLT/MUSE. The authors found that Ly α emission halos are ubiquitous around starforming galaxies, with 80% of their sample of ∼ 150 galaxies having firmly measured Ly α emission extending out to scale lengths of roughly 4−5 kpc and even beyond 10 kpc (also see Xue et al. 2017) . The distance between our CGM host galaxy and the non-related continuum galaxy with contaminating Lyα emission is roughly 1. 8, corresponding to D = 15 kpc, and is consistent with the scale lengths measured.
Furthermore, the CGM host galaxy is clearly a Ly α emitter, which is more likely located in the distant outskirts of group environments (where group interactions are minimal) or is isolated (Cooke et al. 2013) . While this may rule out nearby large galaxies, it does not rule out the possibility that this gas is falling onto the host galaxy from a satellite experiencing active star formation. Given the redshift and the large KCWI spaxels (∼ 2 − 6 kpc), we cannot detect satellite galaxies surrounding the bright host. It is possible that satellites may be detected by examining the Ly α emission halo in detail, which may be clumpy and asymmetric when strong Lyα-emitting satellites are present (Leclercq et al. 2017) . Unfortunately our KCWI data are not of sufficiently high spatial resolution to investigate this further. Despite all this, it is less likely that this scenario dominates the absorption signal due to the small cross-sections expected (Gauthier et al. 2010; Martin et al. 2012; Tumlinson et al. 2013) . Additionally, the transfer of material between galaxies in this scenario is expected to dominate over other gas flows only at lower redshift (although the process is still important at z = 2; Anglés-Alcázar et al. 2017).
We thus prefer the interpretation that the observed absorption is outflowing material from an isolated galaxy at Cosmic Noon. With only a few z = 2 − 3 absorber-galaxy pairs with galaxy morphologies and CGM metallicities, it is difficult to make any conclusions about the general properties of the CGM or outflows during this epoch. However, we aim to build a sample of ∼ 50 Mgii absorber-galaxy pairs with similar quality data and with coverage of other ions for comparison to the low redshift, multiphase CGM.
SUMMARY AND CONCLUSIONS
We presented the first results from our CGM at Cosmic Noon with KCWI program: a multiphase outflow from a z gal = 2.0711 edge-on galaxy in quasar field J143040+014939. The program was designed by identifying quasar fields with Mgii absorbers at 1.9 < z abs < 2.6 in Keck/HIRES or VLT/UVES spectra and required that each field have existing HST images using ACS, WFPC2, and/or WFC3 for galaxy morphology modeling. We then observed each field with KCWI to search for the host galaxies in Lyα emission. From an analysis on a single absorber-galaxy pair in the J1430+014 field, our results include the following:
1. We identified the absorbing host galaxy with Ly α emission at z gal = 2.0711 ± 0.0003 in the KCWI datacube D = 66 kpc away from the quasar sightline. The galaxy is isolated and star-forming with SFR FUV = 37.8 M yr −1 . It has a clumpy morphology, which is typical of z = 2 − 3 star-forming galaxies, and we favor an edge-on (i = 85 •+5 −2 ) inclination, although we cannot fully rule out a major merger morphology. The quasar sightline probes the galaxy along the projected minor axis (Φ = 89 •+1 −5 ). The Lyα emission halo surrounding the galaxy appears to extend out to at least 1. 8, corresponding to D ∼ 15 kpc.
2. The absorption system is roughly centered at the host galaxy systemic velocity, with an average offset of ∆v gal−abs = −27 km s −1 . The full Mgii velocity spread of ∆v ∼ 210 km s −1 means that the absorption spans both sides of the galaxy systemic velocity. The absorption is multiphase, with detected Ly α, Mg ii, Si ii, Si iii, Si iv, C ii, and C iv, where Lyα and the higher ions have larger velocity spreads. We constrain the H i column density from only the saturated Lyα absorption line to the range 16.37 ≤ log N H i ≤ 18.18 cm −2 , indicating that this is a pLLS/LLS. The Mg ii equivalent width, W r (2796) = 0.24 ± 0.01Å, places this absorber-galaxy pair in line with the W r (2796)−D anti-correlation and within uncertainties of the log-linear fit to the anti-correlation from Nielsen et al. (2013a,b) at z < 1. For this single absorber, this indicates that there is no clear evolution of the CGM extent from low redshift.
3. From photoionization modeling, the CGM metallicity is inferred to be [Si/H]= −1.5 +0.4 −0.3 , which is slightly more metal-rich than the peak in the distribution of pLLSs/LLSs metallicities at z = 2−3. Removing higher ionization ions such as Civ and Nv from the photoionization modeling does not significantly change the inferred value, but does suggest the true value could be 0.3 dex more metalpoor.
4. The metal line absorption kinematics are comparable to those found in the Milky Way Fermi bubbles, where the bulk of the absorption is centered on z gal with roughly symmetric higher ve-locity components (Fox et al. 2015) . Modeling the Mgii kinematics as a biconical outflow suggests that the gas is a decelerating outflow, where we constrain the radial outflow velocities over the range of V out ∼ 100 − 350 km s −1 for half opening angles of θ 0 ∼ 20 • − 80 • . Assuming a constant outflow velocity, it would take ∼ 190−650 Myr for the gas to reach 66 kpc, corresponding to gas ejection redshifts between z eject ∼ 2.21 − 2.60. This is enough time for the galaxy to evolve from higher SFRs when the observed gas was ejected in an outflow to the SFR we measure at D = 66 kpc and z gal = 2.0711.
5.
Assuming the gas is outflowing, we measure mass outflow rates in the range of 45 Ṁ out 51 M yr −1 . Given this range, the mass loading factors are η ∼ 1.2 − 1.3. These values are comparable to simulated galaxies of similar magnitude. They are also roughly an order of magnitude larger than those measured at z ∼ 1 with the MEGAFLOW survey (Schroetter et al. 2016 but are comparable to those measured in an extreme metal-rich outflow at z = 0.4 . Outflows at Cosmic Noon appear to be more energetic and more efficient than those at lower redshifts.
These first results show how powerful the combination of high-resolution quasar spectra, HST images, and KCWI integral field spectroscopy is for studying the CGM at Cosmic Noon. We have examined the gas flow properties in as much detail as has been done at z < 1 for a single absorber-galaxy pair and this is one of only a few systems at this epoch with this wealth of data, specifically including galaxy morphologies and CGM metallicities. In the future, we plan to compile a sample of roughly 50 z = 2−3 absorber-galaxy pairs for not only detailed single system studies, but also ensemble studies, which can then be compared to those at low redshift to study how gas flows evolve over ten billion years.
